In order to overcome the subjectivity of existing pedestrian route choice models, an alternative choice model is presented based on the utility equation. It is composed of several indirectly objective characteristic variables, including the height, length, and width of interlayer facilities; speed of automated facilities; and carry-on luggage. Considering the scene that pedestrians choose between the stairs or escalators, an extended binary logit model is developed. Calibration and validation of the model are accomplished by using the data collected in four typical passenger transfer stations in Beijing, China. The results show that the proposed model has an average accuracy of 86.56% in bidirection for predicting pedestrians' behavior. An interesting phenomenon can be found that the length of facility has poorer impact than height on pedestrians' route choice behavior. Some quantitative and irradiative conclusions have been illustrated on the relationship between the selection probability and the variables, which is expected to be valuable for extracting the implicit theoretical mechanism of passenger choice behavior.
Introduction
Integrated development of the modern passenger transfer hubs realizes the combination of intercity and in city transportation within or in the same space layout. Centralized transferring of pedestrians greatly improve the operating efficiency of the urban passenger transport network. Passengers transfer space has a multilayer and attaches a certain amount of interlayer facilities connection, such as stairs, escalators, elevators and slopes. The three-dimensional structure increases the complexity of the traveler's behavior and activities in the hub. At peak time, due to the impact of a large number of passengers, bottlenecks usually appear at interlayer facilities, which induces local congestions and unnecessary delays. Therefore, understanding of the role of the relationship between these facilities and pedestrian behavior has become a very compelling issue [1] [2] [3] [4] , as the dynamic interactions of person-to-person [5, 6] and vehicleto-vehicle [7] . Although these problems are very specific, they also implied considerable theoretical mechanism. Mastering this knowledge can help building designers to design more reasonable structure of facilities, make pedestrians use the facilities relatively balanced, promote the improvement of critical facilities' level of service [4] , and finally let pedestrians get enjoyable experience in the process of travel. In order to achieve this goal, it becomes very important to define the characteristics of passengers' choice behavior among interlayer facilities, and to estimate the effect of physical properties of interlayer facilities on the choice behavior.
As is known to all, in the process of pedestrians through level bridging facilities, the physical exertion must be paid by the tourists that have high-positive correlation with the height of facilities, which plays a key role in their choice decisions, especially those carrying luggage. Moreover, this must be related to the fundamental structure of facilities and current environmental factors such as flow density. There are lots of researches on modeling and analyzing the passenger choice behavior of facilities. Daamen et al. [3] built utility analysis model for selection problem of the entire path of the longitudinal facilities. Seneviratne and Morrall [8] and Guo et al. [9] analyzed detailed influencing factors of pedestrian route choice behavior. Borgers and 2 Discrete Dynamics in Nature and Society Timmermans [10] established the selection model of shortest walking distance in horizontal dimension. Cheung and Lam [11] took pedestrians in Hongkong as an example, studied the passenger facilities choice behavior, and proposed the perceive time as an influence factor. Ye et al. [12] analyzed the traffic characteristics of the passenger of stairs and corridors in the Shanghai subway station and established the relationship between the interlayer facilities and the volume of passenger traffic. Through researching the relationship between the interlayer facilities layout and passengers' route choice in the transfer station, such as stairs and escalators, Daamen [1] and Zeiler et al. [13] summed up the degree of passenger congestion of interlayer facilities as a key factor directly impact on behavior of passengers. Jia et al. [14] based on comprehensive analysis characteristics of the passenger flow and service status of the inner facilities in the hub established a systematic analysis method of capacity adaptability of facilities' ability. Lam and Chau [15] according to the variation of pedestrian flow of shopping center in station developed multiple walking facilities control strategy to reduce resource waste. In addition, Olander and Eves [16] and Lewis and Eves [17] analyzed the influence of choice-onpoint prompt on enhancing the use of stairs by pedestrians, from the perspective of human health.
In short, these studies have focused on the relationship between passenger flow and interlayer facilities to reveal the theoretical mechanism of passenger choice behavior, ignoring the effect of interlayer facilities physical properties on passengers. As for the models, discrete utility theory has been extensively used on these issues, whether in horizontal or vertical direction. The difference between these models is the selection of influencing factors on calculation utility function, such as the generalized consumption [3] , shortest walking distance [10] , and generalization of time [11] . All of these did not positively consider the height of facilities which is a quantitatively specific parameter. Take the perception time, for example, since it is a highly technical matter for people to reasonably map the objective existence of physical exertion paid by climbing stairs to the subjective perception time, even if the professional architect also hardly completes the transform, the results of theoretical analysis in the application of engineering practice are at stake.
On the basis of previous research, the height of facilities was proposed as an independent factor in a utility model to describe the relationship between height of facilities and pedestrian facilities choice behavior.
After a brief literature review, the new model was put forward, and some of the features were expounded in detail. Then, the scene of the traffic data which model calibration required was introduced, and the model calibration results were shown. Finally, theoretical characteristics were illustrated which extracted from further analysis of the model and came to some meaningful conclusions.
Model and Calibration

Analysis of Influence Factors.
To calculate the utility function, we need select the influencing factors. These is the most fundamental problem. An extended literature study on empirical data and modeling of pedestrian route choice can be found in [1, 3, 8] . Generally, three sets of characteristics would be taken into concern, including the facility structure, basic consumption, and passenger property.
(i) Facility Structure. The number of routes, one of the most important factors, is related to the categories of the mathematical model. Length of facility is closely related to the time which passenger need to get through the facility, also it is a primary factor to analyze the choice behavior and more important in the pedestrian route choice behavior model in horizontal dimension [10] .
(ii) Basic Consumption. Time consumption at least consists of two parts, including the travel time and waiting time, which are under the influence of the length of facilities, passenger current speed, channel capacity, and the number of waiting for lineup.
Passengers will take the corresponding physical strength when they are using level bridging facilities. Within reasonable delay time, people tend to choose less expensive physical facilities. That is to say, physical consumption plays a substantial role in pedestrians' choice in vertical dimension. If passengers carrying luggage (we consider only the heavy luggage without light handbag), more energy will be consumed when passengers go through the non-automated facilities.
(iii) Passenger Attribute [3, 8] . The effects of differences in gender and age of passengers are not obvious. Also, trip purpose plays no role for work-related walking trips. This paper focuses on the ordinary pedestrians without difference of purpose.
After an overview of the influencing factors above, the structure and basic consumption are selected for subsequent modeling; passenger property will not be considered. Even, the items of data collection are corresponding with them.
Binary Logit Model.
Theory of disaggregate model is based on the hypothesis that consumers choose to pursue utility maximization. In the issue of the passenger facilities selection, passenger choice behavior and consumer have the same principle. Logit model, which has advantages of simple structure and strong applicability, divides utility into uncertainty utility and random utility and assumes that the random utility obeys certain probability distribution, thus obtains the probability of travelers choosing different transport facilities.
Assume that the passengers can select the options independently, the utility model of the passenger selection facilities can be expressed as
where is the fixed term in utility function of traveler that selects facility and is the random term in utility function of traveler that selects facility .
Constructing and evaluating the utility function is a key link in the process of correctly analyzing passenger choice behavior. Borgers and Timmermans [10] formulate a model for pedestrian route choice in city centers given pedestrian's Discrete Dynamics in Nature and Society 3 
where and are parameters to be estimated, is the travel time along route , ,delay is delay on the walkway leading to escalator or stair, ,walk is the travel time along escalator or stair. Rewriting the resulting logit model leads to the following expressions:
where st is the probability of pedestrian choosing escalator, esc is the probability of pedestrian choosing stairs, and ( esc − st ) is relative discomfort measure for using stairs.
Combining with the characteristics of passenger choice behavior in vertical dimension, the time and physical consumption are select and used as characteristic variables, as shown in Table 1 . Time consumption consists of walking time 1 and delay time 2 . Physical consumption consists of interlayer height ℎ and carry-on luggage . In this work, passengers within automated facilities are regard as having the physical consumption as zero, and only distinguish whether passengers carrying luggage or not. 0 for nonluggage, otherwise is 1.
Then, the new is replaced with
where 0 , 1 , and 2 are parameters to be estimated.
Substituting (5) into (3), (6) will be available as
Model Estimation
Basic Data.
To exclude the interference of other transportation modes and obtain pedestrian traffic flow parameters in a range as wide as possible, four transfer stations were selected as the observation sites in Beijing, such as Xizhimen subway station, Beijing South Railway Station, Zoo Station, and Zhichun Road Station, for they have large amounts of vertical pedestrian travel demand. And, the number of different choice situations and route alternatives is reasonably high in these stations. The way of basic data acquisition is video observations, as described by Cheung and lam [11] . The pedestrian flows were recorded with Digital Camera for an hour, respectively, during the peak times and the information in the video were extracted manually and organized in the form of individual cases afterward. 3849 passengers' choice decisions, 2207 in ascending and 1642 in descending, had been extracted from 40 video files of 10 scenes allocated in the four stations. Some snapshots can be seen in Figure 1 . The data has been split into two groups, one is for calibrating and the other for validating.
The factors considered as well as the corresponding data obtained from the videos in the study include date, peak time, station, direction, structure of facilities (height, length, and width), speed of automated facilities, the number of people in queue for escalator, and whether carry-on luggage.
Model Calibration.
Model calibration is divided into three steps. Firstly, the form of the utility function and the characteristic variable must be determined, on behalf of calibration of the model. Secondly, using the maximum likelihood estimation method to calibrate the parameters and making some preparations for model validations. Finally, the covariance matrix is used to make test or other tests. The results of model test are shown in Table 2 .
As the absolute value of the t-test is larger than 1.96, there is 95 percentage degree of confidence on indicating that the corresponding variable is a factor that can affect the probability of selection. In Table 2 , since the absolute values of 4 Discrete Dynamics in Nature and Society -test value on parameter 1 are less than 1.96 in bidirections, the walking time 1 is wiped off from the characteristic variables for its little affect. In terms of accuracy, the average accuracy of the models for forecasting the passengers' choice decisions is 86.56%, which meets the precision requirements of BL model. The results of model calibration are as follows.
In ascending direction st = 1 1 + exp (6.6324 − 0.5986Δ 2 + 0.8642ℎ + 0.9976 )
In descending direction st = 1 1 + exp (5.9077 − 0.7086Δ 2 + 0.7331ℎ + 0.8244 )
Analysis of Choice Mechanism
This section presents an examination of various properties of pedestrian choice behavior indicated in the percentages of the stairs that will be used. In line with [3, 11] the proposed model also showed that passengers are more inclined to choose escalators as they improve experience, more obvious in upward direction. For distinctively analyzing the performance of level bridging facilities, there are three factors that would be highlighted in the following, such as height of facilities, delay time, and carry-on luggage. A specific set of parameters to a passenger will produce a variety of results, which revealed some passenger's preferences on choice behavior. Figure 2 shows the percentage of pedestrians using stairs plotted against height of vertical access settings without luggage in ascending by delay time at 5, 10, 20, and 30 seconds, respectively. Basically, with the passengers' delay time in front of escalator growing, the probability that they choose the stairs becomes higher.
Varying Facilities Height.
When height is 5 meters and delay time is 20 seconds, the probabilities of each alternative are chosen almost the same. Once the balance is broken, passengers will more clearly to make a decision. In case of ignoring waiting time, the vast majority of people will not pay attention to the stairs. Escalator plays an important role in the process of transition between the layers. As the delay time changes from 10 to 20 seconds or more, the concern of pedestrians shows a dramatic shift, so much as more than 98 percentages of people choose stairs when the waiting time is for 30 seconds. Under the condition that the floor is not too high, it is necessary to appropriately increase the stairs width to encourage passengers to get through as soon as possible. Otherwise, a lot of passengers were forced to crowd in front of the facilities, although they are willing to pay extra strength in climbing the stairs. Figure 3 shows the percentage of pedestrians using stair plotted against delay time without luggage in ascending by height at 2, 5, 10, 15, and 20 meters, respectively. The height level bridging facility is larger, the passenger's acceptable delay time standing by escalator is longer, and the number of passengers in front of selector is more, under the selection probability of stairs is less than 15%.
Varying Delay Time.
For example, as the height reaches 20 meters, the traveler's acceptable delay time will not exceed 35 seconds. Otherwise, a significantly increase occurs in probability of passengers choosing stairs. Then, a larger number of passengers will gather in the access corridor to the escalator.
In the design stage of infrastructures, corresponding to the height of the interlayer facilities, the area of access facilities to level bridging facilities must be large enough, at least for satisfying the demands of the corresponding number of passengers. Figure 4 shows the percentage of pedestrians using stairs against height of interlayer facilities with 20 seconds delay time in ascending, including the cases that they carry-on luggage or not, respectively. In these certain conditions, the percentage of choosing stairs in passenger with load is lower than lightweight ones within a certain range. As the interlayer height is 6 meters, the 53.85 percentage of passengers without luggage will take into account stair, and only 30.09 percent of passengers with luggage want to climb the stairs to avoid the delay time. Therefore, if the height of target facilities is more than 10 meters, almost all travelers tend to abandon the use of stair rationally, no matter whether they carry luggage or not. So, when the height reached a certain value, passengers' choice behavior will be convergence.
Carry-On Luggage or Not.
According to the analysis on effect of luggage to pedestrian's choice behavior, a good proposal could be put forward. No luggage With luggage Pedestrians using stair (%) Figure 4 : Effect of luggage on probability of passenger using stairs.
Compared to commuter staff, the proportion of intercity travelers which carrying luggage is higher and the number of escalator in intercity transportation hub should be more than transfer hubs in city, in order to improve the capacity of the automation facilities and provide better service to passengers.
Conclusions
This study developed a binary logit model with an alternative utility function to predict pedestrian's choice behavior between stair and escalator in public transfer stations. Different from the other models, the generalized extreme value indicated by subjective perception of time consumption of passenger uses level bridging facilities that have been divided into two parts. One is time consumption which consists of walking time and delay time, and the other is physical consumption which is represented by the height of facilities and whether carrying-on luggage. In addition, ascending and descending data for calibrating and testing the function has been collected in five passenger transfer stations in Beijing, China, including ten stairs and escalator parallel scenarios.
According to the results, the average accuracy of 86.56% is extraordinary high for this type of model. The model also shows that the length of facility has little influence on passenger selection behavior. So, it is reasonable that the height is identified as an independent characteristic variable. Some phenomena have been observed with further analysis of the model. Passengers are more sensitive to facilities height in ascending than in descending. Due to the objectivity of the selected parameter, we can intuitively understand the relationship between pedestrian choice behavior in vertical dimension and their specific environment. Also, the estimated values for infrastructure types may directly be applied in a simulation tool, even as a theoretical reference for facility design decisions.
